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Abstract
OBJECTIVE: Angelica archangelica Linn. is widely
used in food and liquor preparations and also in
Kashmiri folk medicine to reduce anxiety. We evalu-
ated the anxiolytic effect of successive extracts of
A. archangelica linn. (SAE) on rats tested in the ele-
vated T-maze test (an animal model of generalized
anxiety) at doses that exhibit antidepressant-like ac-
tivity in humans.
METHODS: A. archangelica (1 kg) was subjected to
successive extraction in a soxhlet apparatus with
solvents [petroleum ether (40-60° C), chloroform,
ethyl acetate, methanol and decoction with water]
in order of increasing polarity (yield: 6.9% , 7.3% ,
5.1% , 11.88% and 8.2% w/w, respectively). SAE
were evaluated for anxiolytic effects using the ele-
vated T-maze and forced swimming tests in rats.
RESULTS: Oral dosing of diazepam (1 mg/kg) and
extracts (50, 100 and 200 mg/kg) clearly showed an
anxiolytic-like profile in the elevated T-maze test: it
increased one-way escape and decreased inhibito-
ry avoidance on the first, third and seventh day. In
the forced swimming test, imipramine and SAE
showed antidepressant- and anxiolytic-like effects
as reflected by increased climbing time, swimming
time and decreased immobility time on the first,
third and seventh day. Aqueous and methanol ex-
tracts showed the most, petroleum ether (40-60°C)
and chloroform intermediate, and ethyl acetate the
least anxiolytic activity (*P<0.05, **P<0.01, ***P<
0.001) in both models.
CONCLUSIONS: These results suggest the anti-anxi-
ety activity of various extracts of A. archangelica
and strongly justify its use in traditional Indian
medicine for the treatment of anxiety.
© 2012 JTCM. All rights reserved.
Keywords: Anxiolytic; Elevated T-maze test; Angeli-
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INTRODUCTION
Pharmacological research in the treatment of anxiety
and stress is very much influenced by the availability of
anxiolytic drugs. Throughout recorded history, ethanol
has been the standard drug for self-treatment of feel-
ings of discomfort, tension, anxiety and stress. Human-
kind has sought substances that modify these feelings
and, in the last century, compounds such as bromide
salts, paraldehyde and chloral hydrate were used in
medical practice for such symptoms.
Barbiturates were introduced in the early 1900s. They
were the dominant anxiolytic agents used throughout
the first half of the twentieth century. However, consid-
erable concern arose about their safety, leading to a
search for better alternatives. This resulted in the devel-
opment of synthetic benzodiazepines, serotonergic
agents and other agents, all of which also have severe
side effects. Serious concerns about the unwanted ef-
fects of these agents forced scholars to search for mole-
cules/drugs from natural sources.1
India has a vast biodiversity and knowledge in the use
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of "folk" herbal medicines to cure many ailments in
various cultures and tribes. Anxiety is an exaggerated
feeling of apprehension, uncertainty, uneasiness and
dread. Anxiety causes various disorders such as panic,
obsessive-compulsion disorder, phobias and post-trau-
matic stress. Excessive anxiety can weaken and damage
the quality of life of an individual.2
In recent years, some investigators have developed ani-
mal models that can be used to distinguish between dif-
ferent types of anxiety. For example, the elevated
T-maze test (ETMT), which was derived from the ele-
vated plus-maze by suppression of one closed arm, has
been proposed to enable evaluation of two types of anx-
iety in the same animal. That is, (i) learned (or condi-
tioned) anxiety (represented by inhibitory avoidance
behavior), and (ii) innate (or unconditioned) fear (rep-
resented by one-way escape inhibitory avoidance due
to increased latency to leave a closed arm along three
successive trials). This task is impaired by treatment
with diazepam, ipsapirone, buspirone, ritanserin and
chronic imipramine treatments that were effective in
generalized anxiety disorder (GAD). Thus, the learned
nature and its pharmacological sensitivity suggest that
this behaviour is related to GAD. Conversely, one-way
escape (which is tested by measuring the latency of the
animal to flee from one open arm) is increased by
chronic treatment with imipramine and fluoxetine.3
The present study was conducted to investigate natural
anxiolytic agents using successive extracts prepared
from Angelica archangelica linn. (Apiaceae). A. archan-
gelica is found in the inner valleys of the Himalayas
(viz. Kashmir, Chamba, Kullu, Pangi, Lahaul and
Kinnaur) in India at altitudes between 3,200 m and
4,200 m. A. archangelica has been used widely in folk
medicine; it was employed as a medicinal herb in Nor-
dic countries (where it was cultivated during the Mid-
dle Ages and exported to other parts of Europe).4 An-
gelica is used in the grocery trade as well as for medi-
cine, and is a popular flavoring for confectionery and li-
queurs. This plant has been used in traditional and folk
medicine as a remedy for nervous headaches, anxiety,
fever, skin rashes, wounds, rheumatism and tooth-
aches. In traditional Indian medicine, it is used for ner-
vous disorders such as anxiety, anorexia and migraine.
It is also used for cerebral diseases in traditional Chi-
nese medicine.5 Its leaves are used as vegetables and
fruits are used as spices in foods in the Valley of Kash-
mir, Jammu and Kashmir. Here we have attempted to
support the claim of traditional practitioners for its use
in the treatment of anxiety, and to explore its potential
for further research.
MATERIALS ANDMETHODS
Plant material
The plant specimen of A. archangelica Linn. was col-
lected from the forest of Gulmarg Hill in Jammu and
Kashmir (India). The plant was identified and authenti-
cated by Dr. Zulfiqar Ali Bhat from the University of
Kashmir (Srinagar, India; voucher specimen KUAA01).
Drying and size reduction of plant
The whole plant material of A. archangelica was sub-
jected to shade-drying for ≈7 days. Dried plant materi-
al was crushed into powder, passed through sieve num-
ber 40, and stored in an air-tight container for further
analyses.
Extraction of plant material.
The coarsely powdered material (1 kg) was subjected
to successive extraction in a soxhlet apparatus with dif-
ferent solvents: petroleum ether (40°C-60°C), chloro-
form, ethyl acetate, methanol and finally decocted with
water in order of increasing polarity (yield 6.9% ,
7.3%, 5.1%, 11.88% and 8.2% w/w, respectively). All
successive extracts were concentrated and dried in a wa-
ter-bath to obtain the extracts.
Phytochemical screening
Phytochemical screening for the presence of various
chemical constituents was undertaken on successive ex-
tracts as reported previously.6
Animals
Albino rats were obtained from the Animal House of
the Indian Institute of Integrative Medicine (Jammu,
Jammu and Kashmir, India). This Institution is ap-
proved by the Committee for the Purpose of Control
and Supervision of Experiments on Animals (CPC-
SEA), Government of India. The approval number for
carrying out animal studies was 801/03/ca/CPCSEA.
The protocol for the present study was approved by In-
stitutional Animal Ethical Committee (approval num-
ber F-IAEC (Pharm. Sc.); approved, 1/2011). The ex-
periments were conducted as per approved protocol.
Albino rats (Wistar strain) of either sex (150-200 g)
were used. They were housed in polypropylene cages
with standard pellet chow and water ad libitum. In
both experimental sets, 6 rats were used for each dos-
age. The control group received only vehicle and the
positive control received diazepam (1 mg/kg, p.o.)/
imipramine (2.5 mg/kg, p.o.). The other groups re-
ceived the extracts.
Acute Toxicity Study: These experiments were based
on guidelines set by the Organization of Economic Co-
operation and Development (Guideline 425; 2001).
Overnight-fasted healthy rats (n=6) were administered
(p.o.) successive extracts of plant material (petroleum
ether, chloroform, ethyl acetate, methanol and water)
at 100, 200, 400, 800, 1600 and 3,200 mg/kg body
weight and observed continuously for 4 h and after 24
h for abnormalities and mortality. Successive extracts at
3,200 mg/kg were found to be safe. Doses of 50, 100
and 200 mg/kg were selected as experimental doses of
successive extracts for anti-anxiety studies.
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Drugs
Diazepam was obtained from Ranbaxy Laboratory Lim-
ited (New Delhi, India) and imipramine was obtained
as a tablet from Torrent Pharmaceuticals (Himachal
Pradesh, India). Sodium carboxymethyl cellulose was
purchased from CDH-Laboratory Reagents (New Del-
hi, India). Diazepam/imipramine and successive ex-
tracts of A. archangelica (SAE) were suspended in a 1%
solution of sodium carboxymethyl cellulose. All drugs
were prepared immediately before use and adminis-
tered via the oral route. Control mice received 1%
aqueous sodium carboxymethyl cellulose solution only.
Drug effects were evaluated 60 min after administra-
tion on the first, third and seventh day of the study.
Tests were undertaken only after rats had been acclima-
tized to the experimental environment for ≥7 days. All
experiments were carried out between 9 am and 4 pm.
In each experiment, the apparatus was cleaned using
5% ethanol. Water was changed in the swimming tank
before introducing the next animal to preclude the pos-
sible cueing effects of odors left by previous rats.
Anxiolytic activity
ETMT: The ETMT (Techno Company Limited,
Mumbai, India) was made of wood and had three arms
of equal dimensions (50 cm × 10 cm). One arm was
open and two arms were closed by 40 cm high walls.
The open arm was perpendicular to the closed arms
with a central area of 10 cm×10 cm×10 cm to form a
T-sign. The apparatus was elevated to 50 cm above
floor level by a single central support. A slight raised
edge on the open arms (0.25 cm) provided additional
grip for the rats, whereas open-arm activity was encour-
aged by testing under a dim red light (4 W×25 W).
The experiment was conducted during the dark phase
of the light cycle (9 am to 4 pm). To facilitate adapta-
tion to new surroundings, rats were transported to the
laboratory ≥1 h before testing.
In the ETMT, rats were placed at the end of the en-
closed arm facing the intersection of the arms. The la-
tency to leave the enclosed arm with four paws in three
successive trials was recorded (the standard measure
proposed by Graeff et al.).7 The first trial was designat-
ed "basal latency" (baseline) and represented the learn-
ing inhibitory avoidance behavior. The other trials
were designated avoidance 1 and 2, respectively. The in-
terval between trials was 30 s, during which time the
rat was placed in a Plexiglas box identical to its home
cage. Thirty seconds after the last trial of inhibitory
avoidance, the rat was placed at the end of one open
arm. The time taken to leave this arm with its four
paws (one-way escape from the open arm) and the la-
tency to enter the enclosed arm (one-way escape into
enclosed arm, a modified measure proposed by Bei-
jamini and Andreatini) were recorded (escape 1). The
same measurement was repeated after 30 s (escape 2).3,7
A cutoff time of 300 s was established for both mea-
sures (inhibitory avoidance and one-way escape). The
maze was then thoroughly cleaned with damp and dry
towels. Similar studies were carried out on the first,
third and seventh day for acute, subacute and chronic
models. In the acute study, this was 60 min after the
first dose; in the subacute study it was 60 min after the
third dose; and in the chronic study it was 60 min after
the last dose on the seventh day of administration of
drug or vehicle. The experiments were undertaken
with an observer in the room.
Forced swimming test (FST)
Rats responses were evaluated in a glass tank (23 cm×
30 cm; height, 40 cm; Techno) filled to a depth of 28
cm with water at 22°C. The rats could not touch the
bottom of the glass tank. The glass tank was illuminat-
ed indirectly and surrounded by dark-brown shading
walls (distance from the tank, 20 cm) to screen the
view from the experimenter. The experiments were
done between 9 am and 4 pm as according to a de-
scribed method.8
On the first experimental day, rats were placed gently
in the water for a 15-min period of habituation. Upon
removal from the water, they were placed in a standard
Plexiglas box with the floor covered with paper towels.
They were then placed under an infrared heater for 30
min to dry. The next day, they were placed once more
gently into the glass tank and observed for 5 min. The
behavior of the rats was videotaped. At the end of the
5-min period, the rats were transferred to the infrared
heated box and allowed to dry.
After the experiment, the videotapes were evaluated
manually and the duration of the following behaviors
recorded: immobility: floating and making only those
movements necessary to keep the nose above the water;
swimming: active motions (i.e., moving around the
tank, including diving); climbing; and moving their
forepaws in and out of the water (usually against the
walls). Rats were randomly allocated to the following
groups: vehicle control, imipramine (2.5 mg/kg, p.o.)
and test drug. Similar studies were carried out on third
and seventh day for acute (first day), subacute (third
day) and chronic (seventh day) model. In the acute
study 60 min after the first dose, in the subacute study
60 min after the third dose, and in the chronic study
60 min after the last dose on the seventh day of admin-
istration of drug or vehicle, rats were placed in the
forced swimming tank. The experiments were done
with an observer in the room.
Statistical analyses
Data are the mean ± SEM. They were analyzed using
one-way analysis of variance (ANOVA) followed by
Tukey's test (aP<0.05, bP<0.01, cP<0.001). P<0.05 was
considered significant.
RESULTS
The phytochemical screening of SAE is shown inTable 1.
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Table 1 Phytochemical screening of successive extracts of Angelica archangelica Linn
Extract constituent
Carbohydrates
Proteins & amino acids
Lipids/fats and oils
Sterols and steroids
Glycosides
Coumarins
Saponins
Flavonoids
Alkaloids
Phenolics/tannins
Acidic components
Terpenes and terpenoids
PE
+
–
+++
++
–
+
–
+
–
–
+++
+
Chloroform
–
+
++
+++
+
+++
–
–
+
–
++
+++
Ethyl acetate
–
+
+
+
+
++
–
+
–
–
+
+
Methanol
+
–
–
–
++
+
++
++
++
+
+
–
Water
+
–
–
–
+
–
+++
++
+
++
–
–
Note: Absence (–), presence (+); PE: petroleum ether.
Effect of diazepam and SAE on the ETMT in rats
To determine anxiolytic activities, the effect of diaze-
pam (1 mg/kg) and SAE (50, 100 and 200 mg/kg, p.
o.) on the ETM were evaluated. Diazepam and SAE on
the first, third and seventh day significantly increased
the time spent in the open arm and the delay in enter-
ing the closed arm of the maze (increased one-way es-
cape); all groups of extracts (SAE) and diazepam
showed significant (aP<0.05, bP<0.01, cP<0.001) in-
creases in the time spent in the open arm except the
ethyl acetate extract (which did not show significance
in any study when compared with the control group).
Diazepam and SAE also decreased the latency to leave
the closed arm (decreased inhibitory avoidance) on the
first, third and seventh day. Diazepam and water
showed significant differences in baseline latency (task
1) on the first, third and seventh day, whereas metha-
nol (200 mg/kg, p.o.) showed significant differences on
the first day, and ethyl acetate (200 mg/kg, p.o.), meth-
anol (50, 100 and 200 mg/kg, p.o.) showed significant
differences on the third and seventh day. In inhibitory
avoidance task 2 (IA1), only diazepam and SAE
showed significant differences with the control (aP<
0.05, bP<0.01, cP<0.001) on the first, third and sev-
enth day. In avoidance task 3 (IA2), diazepam showed
significant differences on the first, third and seventh
day, but extracts showed the same effects only on the
third and seventh day of studies. Water and methanol
showed the most, petroleum ether (40-60°C) and chlo-
roform intermediate, and ethyl acetate had the least
anxiolytic activity on first-, third- and seventh-day
treatments, respectively (Figures 1-4).
Figure 1 Effect of first-day treatment of diazepam and test extracts on inhibitory avoidance on the elevated T-maze test
Results are the means ± SEM (n=6). Control=vehicle,
DZ=diazepam (1 mg/kg, p.o.) as a standard drug, P50=
petroleum ether (40oC-60oC) extract of Angelica arch-
angelica Linn. (50 mg/kg, p.o.), P100=petroleum ether
(40-60oC) extract of Angelica archangelica Linn. (100
mg/kg, p.o.), P200=petroleum ether (40-60oC) extract
of Angelica archangelica Linn. (200 mg/kg, p.o.), C50=
chloroform extract of Angelica archangelica Linn. (50
mg/kg, p.o.), C100=chloroform extract of Angelica
archangelica Linn. (100 mg/kg, p.o.), C200=chloro-
form extract of Angelica archangelica Linn. (200 mg/
kg, p.o.), E50 = ethyl acetate extract of Angelica arch-
angelica Linn. (50 mg/kg, p.o.), E100=ethyl acetate ex-
tract of Angelica archangelica Linn. (100 mg/kg, p.o.),
E200=ethyl acetate extract of Angelica archangelica
Linn. (200 mg/kg, p.o.), M50=methanol extract of An-
gelica archangelica Linn. (50 mg/kg, p.o.), M100=
methanol extract of Angelica archangelica Linn. (100
mg/kg, p.o.), M200=methanol extract of Angelica arch-
angelica Linn. (200 mg/kg, p.o.), AQ50= aqueous ex-
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tract of Angelica archangelica Linn. (50 mg/kg, p.o.),
AQ100=aqueous extract of Angelica archangelica Linn.
(100 mg/kg, p.o.), AQ200=aqueous extract of Angelica
archangelica Linn. (200 mg/kg, p.o.), aP<0.05, bP<
0.01, cP<0.001, all groups compared with vehicle (con-
trol). Analysed by ANOVA followed by the Tukey test.
Figure 2 Effect of third-day treatment of diazepam and test extracts for inhibitory avoidance on the elevated T-maze test
Results are the means±SEM (n=6). For explanation of
terms, see the key in Figure 1. aP<0.05, bP<0.01, cP<
0.001, all groups compared with vehicle (control). Ana-
lyzed by ANOVA followed by the Tukey test.
Figure 3 Effect of third-day treatment of diazepam and test extracts for inhibitory avoidance on the elevated T-maze test
Results are the means±SEM (n=6). For explanation of
terms, see the key in Figure 1. aP<0.05, bP<0.01, cP<
0.001, all groups compared with vehicle (control). Ana-
lyzed by ANOVA followed by the Tukey test.
Figure 4 Effect of first-, third- and seventh-day treatment of diazepam and test extracts for one-way escape on the elevated
T-maze test
Results are the means±SEM (n=6). For explanation of
terms, see the key in Figure 1. aP<0.05, bP<0.01, cP<
0.001, all groups compared with vehicle (control). Ana-
lyzed by ANOVA followed by the Tukey test.
Effect of imipramine and SAE on the FST of rats
The effect of first-, third- and seventh-day treatment
with imipramine (1 mg/kg, p.o.) and SAE (50, 100
and 200 mg/kg, p.o.) on behavioral despair (swim-
ming, climbing and immobility time) is illustrated in
Figures 5-7. One-way ANOVA followed by Tukey's
test showed a significant effect of treatment, i.e., de-
creased immobility time and increased swimming and
climbing time when compared with the control group
(aP<0.05, bP<0.01, cP<0.001).
Figure 5 Effect of first-day treatment of imipramine and test extracts on the forced swimming test
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Results are the means±SEM (n=6). For explanation of
terms, see the key in Figure 1. aP<0.05, bP<0.01, cP<
0.001, all groups compared with vehicle (control). Ana-
lyzed by ANOVA followed by the Tukey test.
Figure 6 Effect of third-day treatment of imipramine and test extracts on the forced swimming test
Results are the means ± SEM (n=6). For explanation of
terms, see the key in Figure 1. aP<0.05, bP<0.01, cP<
0.001, all groups compared with vehicle (control). Ana-
lyzed by ANOVA followed by the Tukey test.
Figure 7 Effect of seventh-day treatment of imipramine and test extracts on the forced swimming test
Results are the means±SEM (n=6). For explanation of
terms, see the key in Figure 1. aP<0.05, bP<0.01, cP<
0.001, all groups compared with vehicle (control). Ana-
lyzed by ANOVA followed by the Tukey test.
DISCUSSION
Stress-related anxiety is a component of severe depres-
sion in humans.9 The incidence of anxiety and depres-
sion in the community is very high, and associated
with considerable morbidity. Hence, addressing these
problems and finding effective remedies is extremely
important. Several drugs are available, but all are associ-
ated with limitations, and there is an urgent need for al-
ternative medications for these disorders.
Despite the popular use of A. archangelica for treating
nervous disorders, scientific evaluation of its pharmaco-
logical effects is lacking. We demonstrated here that
the administration of different doses of SAE in rats
could induce antidepressant effects.10 Sometimes, pro-
longed and untreated anxiety may lead to depression
and requires the intervention of anxiolytics with antide-
pressant activity. Two models (ETMT and FST) can be
used to screen this type of anxiety. The ETMT has
been proposed as a model of anxiety whereby two
types of fear may be elicited in rats: conditioned and
unconditioned. The former can be measured by in-
creasing the latency to leave the enclosed arm of the ap-
paratus during three consecutive trials. This has been
interpreted as inhibitory avoidance acquisition. Uncon-
ditioned fear is represented by the time spent by the an-
imal leaving the open arms: one-way escape.11 The ET-
MT is a putative model for the assessment of anxiety
and memory in rodents. Our results showed that treat-
ment with diazepam and SAE significantly reduced the
latency to leave the enclosed arm of the ETM (inhibito-
ry avoidance) in the test and re-test sessions. This find-
ing suggested an anxiolytic effect for diazepam and
SAE, thereby confirming the results from studies using
other experimental paradigms. The anxiolytic effect
produced by diazepam suggests a relationship between
the tachykinergic and benzodiazepine-gamma-amino-
butyric acid (GABA) systems in the modulation of anx-
iety, as proposed previously using the elevated
plus-maze test. Nevertheless, both treatments increased
the time spent in the open arm and delay in entering
the closed arm: one-way escape (escape from the open
arms) in the test and re-test sessions on the ETM. The
ETMT using these parameters showed that the diaze-
pam and SAE could be useful agents for the treatment
of anxiety. This is the first study to evaluate the effects
of SAE on rats in the ETMT test, an animal model de-
veloped to assess defensive behaviors related to specific
subtypes of anxiety disorder, generalized anxiety disor-
der, and panic disorder. We found that acute, subacute
and chronic treatment with SAE increased the time
spent in the open arm, delays in entering the closed
arm, and decreased inhibitory avoidance latency. SAE
was therefore found to have a selective panicolytic ef-
fect on rats in the ETMT after first-, third- and sev-
enth-day treatments. Interestingly, diazepam showed
similar activity at an anxiolytic dose of 1 mg/kg (p.o.).
These results suggest a partial anxiolytic effect (partial
blockade of inhibitory avoidance acquisition) and base-
line latency in the ETMT. However, the results with
SAE could be due to the presence of multiple types of
active constituents in the plant.
The FST has been validated as a suitable tool for pre-
dicting the antidepressant properties of drugs.12, 13 It is a
behavioral test in rodents that gives an indication of
the clinical effectiveness of various types of antidepres-
sant drugs. When rodents are forced to swim in a con-
fined space, they tend to become immobile after vigor-
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ous activity. This inescapable stressful situation can be
evaluated by assessing different behavioral strategies.12
Several authors have proposed that immobility during
the test could be an efficient adaptive response to this
stress.12,14Imipramine was the first tricyclic antidepres-
sant offered for commercial use. In the present study,
this selective noradrenaline reuptake inhibitor showed
antidepressant activity and could be helpful in the treat-
ment of severe anxiety or chronic anxiety due to an im-
balance of chemicals in the brain. In the present study,
acute, subacute and chronic administration of imipra-
mine and SAE reduced the immobility time and in-
creased swimming and climbing time, suggesting anti-
depressant behavior in response to inescapable stress.
Rodents have been preferred as models of anxiety due
to their genetic and physiological similarities to hu-
mans.15 The results obtained from the present study jus-
tify the use of spices, liquors and leaves of A. archangel-
ica to reduce stress/putative anxiety. Further studies are
in progress in our research team to isolate and identify
the components responsible for the anxiolytic activity
and the mechanism of action.
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